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THE STRUCTURE OF COMPLEX PHYSICAL PERFORMANCE
Edward W. Karnes, Martin-Marietta Corporation, Denver, Colorado 
Donald Hilsendager, Temple University, Philadelphia, Pa. 
Thomas Spiritoso, Temple University, Philadelphia, Pa.
This paper discusses the use of the 
statistical technique of factor analysis as a 
research tool in assessing complex performance, 
and its potential application to simulation 
research programs. A preliminary factor ana­ 
lytic investigation of complex perceptual-motor 
performance is presented. In the investigation, 
12 complex physical proficiency tests were ad­ 
ministered in a battery of tests which included 
24 simple perceptual-motor measures of speed, 
flexibility, balance, and strength. The re­ 
sults indicated that factor analytic techniques 
are valuable in identifying the differential 
components or abilities underlying performance 
in complex motor skills performance.
Introduction
Assessment of man's behavior in the per­ 
formance of complex tasks is a major problem 
in attempts to establish optimum operational 
conditions, procedures, and support equipment 
in manned space systems. A major aspect of 
the overall problem is the absence of an ade­ 
quate classification of human tasks, i.e., a 
task taxonomy. There have been various attempts 
to establish a classification of human perform­ 
ance functions or abilities; the methods vary 
from rational descriptive approaches to empiri­ 
cally based approaches which use correlational 
or factor analytic techniques.3
The use of factor analytic techniques in 
providing a common set of task categories has 
become increasingly important in current re­ 
search on the assessment of complex human per­ 
formance. Unfortunately, however, factor ana­ 
lytic techniques have not been used to any 
appreciable extent in simulation studies of 
human performance in the weightless environ­ 
ment. As a result, the data obtained in a 
specific system simulation study are not 
usually generalizable to new or even similar 
tasks in different systems because of task- 
system specificity factors.
Factor analysis provides a technique of 
identifying differential components and basic 
dimensions underlying performance in more com­ 
plex tasks. It seems, therefore, that factor 
analytic studies can serve as a valuable tool 
in an overall simulation research program. 
Factor analytic studies can be performed in 
the 1 g environment prior to initiation of the 
actual weightless simulation research. For 
example, a factor analytic study of many im­ 
portant system tasks, performed in 1 g, could 
be used to identify sets of related tasks; one 
or two tasks from each set could then be se­ 
lected for inclusion in the subsequent simula­ 
tion research. In general, the results of 
factor analytic studies would benefit a simu­ 
lation research program in the following ways:
1. Empirical data for the selection of 
particular tasks to be simulated 
would be provided.
2. The relationship of the tasks se­ 
lected for simulation to other tasks 
which were not included in the simu­ 
lation study could be specified.
3. The data could be used as a basis
for making generalizations from sys­ 
tem to system.
4. The data would be useful in organiz­ 
ing or relating the effects of vari­ 
ous environmental effects to classes 
of human performance.
The study reported in this paper was 
undertaken to examine the use of factor analy­ 
sis as a methodological tool in the study of 
complex performance. The study was designed 
as a preliminary investigation of complex per­ 
ceptual-motor performance, a major concern in 
the majority of weightless simulation studies. 
It was the opinion of the investigators that 
the variance in performance of complex per­ 
ceptual-motor tasks could be resolved into 
measures on "basic" perceptual-motor abilities. 
For example, the variance in performance of a 
complex task which must be performed in the 
shortest possible time might be accountable in 
terms of scores on simple psychomotor speed 
tests such as reaction time and movement time. 
Gross physical proficiency tasks were in­ 
cluded in the present investigation since 
these tasks clearly involve many of the basic 
perceptual-motor abilities which may account 
for the variance in complex perceptual-motor 
activities. In the study, 12 complex physical 
proficiency tests were administered in a 
battery of tests which included 24 basic 
perceptual-motor measures of reaction time 
(RT), movement time (MT), flexibility, balance, 
and strength.
Method
1. Variables
Measurements on the following 42 variables 
were obtained for each subject:
1.
2.
3.
4.
5.
6.
7.
8.
9. 
10.
Age
Weight 
Height 
Multiplier 
Pull-ups 
Push-ups 
Arm Strength 
Leg Lift 
Back Lift 
Left Grip
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11. Right Grip
12. Lung Capacity
13. Strength Index
14. Normal Strength Index
15. Physical Fitness Index
16. Illinois Agility Run
17. Dodging Run
18. Zigzag Run
19. Right Boomerang Run
20. Thirty Foot Shuttle Run
21. Fifty Yard Dash
22. Squat Thrust (10 sec.)
23. Sidestep (10 sec.)
24. Flexibility Test
25. Cable Jump
26. Standing Broad Jump
27. Balance - Eyes open
28. Balance - Eyes closed
29. Reaction time - left arm
30. Reaction time - right arm
31. Reaction time - left leg
32. Reaction time - right leg
33. Reaction time - trunk and hip flexion
34. Reaction time - trunk and hip extension
35. Reaction time - total of 29-34
36. Movement time - left arm
37. Movement time - right arm
38. Movement time - left leg
39. Movement time - right leg
40. Movement time - trunk and hip flexion
41. Movement time - trunk and hip extension
42. Movement time - total of 36-41
Age, variable one, was recorded to the 
last completed month. Weight, variable two, 
was recorded to the nearest pound and height, 
variable three, to the nearest half inch. The 
multiplier, variable four, was found by di­ 
viding the subject's weight by ten and adding 
the answer to the subject's height minus 60. 
Variable five, pull-ups, was scored as the 
total number of consecutive pull-ups to chin 
level. Push ups, variable six, was scored as 
the number of consecutive dips the subject 
could perform on parallel bars. Variable 
seven, arm strength, was calculated by adding 
the pull-up and push up scores and multiplying 
the sum by the previously determined multiplier, 
variable four. Leg lift, variable eight, was 
recorded in vertical pounds of pull on a spring 
scale attached to a foot platform and the sub­ 
ject's waist via a belt. Back lift, variable 
nine, was recorded in the same manner but with 
the legs straight and the back flexed instead 
of vice versa and a hand grip on a bar instead 
of the belt. Left, variable ten, and right, 
variable eleven, grip were recorded as the 
number of pounds the subject could exert in 
squeezing the manuometer on the best of two 
tries with the respective hand; Lung capacity, 
variable 12, was recorded on a wet spirometer 
as the number of cubic inches of air which the 
subject could exhale during a forced expiration 
after a forced inhalation. Variable 13, 
strength index, was the sum of variables 7, 8, 
9, 10, 11, and 12. The normal strength index 
was read from a norm chart based on sex, age, 
and weight, and represents the average strength 
index for a person of the identified sex, age, 
and weight. The physical fitness index, vari­ 
able 15, was calculated by dividing the normal
strength index into the strength index and 
multiplying by 100. Detailed test administra­ 
tion directions may be found for variables 
one through 15 by referring to the directions 
for the Rogers' Physical Fitness Index as 
described by H. H. Clarke.
The Illinois agility run, variable 16, 
was scored as the number of seconds required 
to run three times over a 30 foot course 
which, during the second lap, included four 
chairs as obstacles. The subject started from 
a prone position. Further directions are 
given in the book by T. K. Cureton. 2 The 
dodging run, variable 17, was scored as the 
number of seconds required to run three laps 
of a 30 foot course unequally divided by five 
chairs. The zigzag run, variable 18, was per­ 
formed on a 27 foot course which was unequally 
divided by four chairs staggered to the right 
and left at uneven distances. The score was 
the seconds elapsed during one lap. The right 
boomerang run, variable 19, required alternate 
90 and 180 degree right turns at 15 foot in­ 
tervals for a total of six over a distance of 
124 feet. The score was the number of seconds 
required to run the course. The thirty foot 
shuttle run, variable 20, was scored as the 
number of seconds required to make three com­ 
plete trips on the 30 foot course. Variable 
21, fifty yard dash, was run on a straight 
cinder track and the subjects were timed to 
one-tenth of a second with stop watches as 
they were for variables 16, 17, 18, 19, and 
20. The squat thrust, variable 22, was scored 
as the number of executions the subject could 
perform in ten seconds. One execution in­ 
cluded squatting from an erect stance, thrust­ 
ing the legs back into a front leaning rest 
position, returning to the squatting position, 
and into the erect position. Variable 23, 
sidestep, allowed the subject ten seconds to 
move alternately left and right to bring his 
left foot across a four foot distant line, 
back to the center and to the right to bring 
his right foot across a four foot distant line. 
Number of lines crossed in ten seconds was the
Additional test administration directions 
for variables 17, 18, 19, 20, 22, and 23, may 
be found in the book by C. H. McCloy and 
N. D. Young.^ However, for this investigation 
there were two modifications made from the 
McCloy and Young directions. During the dodg­ 
ing run, variable 17, three laps of the course 
were required rather than one lap and the score 
in the zigzag run, variable 18, was the time 
needed to run one lap rather than the zone the 
subject was in at the end of 30 seconds.
The flexibility, variable 24, of the sub­ 
jects was measured by using a device constructed 
by one of the investigators (D. H.). The sub­ 
ject positioned himself in the supine position 
with his feet against the footboard and the 
tip of the middle finger of each hand against 
a moveable bar. The subject then sat up and, 
while keeping his knees straight and his feet 
against the footboard, pushed the raoveable bar 
as far along its track (the track extended
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horizontally beyond the footboard) as he could 
reach. The distance which he moved the bar 
was recorded to the half inch as his score.
Administrative procedures as described by 
E. A. Fleishman^ were followed to obtain the 
scores on the cable jump, variable 25. This 
included a two footed jump over a 24 inch rope 
held on the left by the left hand and the right 
by the right hand of the subject. Successful 
tries during five attempts was the subject's 
score.
The standing broad jump, variable 26, 
was administered on a hardwood floor. The sub­ 
ject placed his toes behind the starting line 
and jumped forward alongside of a stick which 
was marked in two inch intervals. His score 
was recorded to the nearest inch. Measurement 
was forward from the starting line to the 
nearest floor area touched by any part of the 
subject's body.
Balance was tested with the eyes open, 
variable 27, and with eyes closed, variable 28. 
In each test the score was the number of sec­ 
onds, to maximum of 60, the subject could re­ 
main with one foot lengthwise on a 1 x 1 x 18 
inch stick and the other foot not touching any 
support. The subject's score for the eyes 
open and the eyes closed tests were each the 
total from six trials.
Variables 29 through 35 were scores on 
reaction time tests from selected areas of the 
body and variables 36 through 42 were movement 
time test scores from the same body areas.
Reaction time was recorded on a one- 
thousandth second timer and movement time on a 
one-hundredth second timer. The sum of three 
trials was used as the subject's score for 
each item except for variables 35 and 42 which 
were the totals of the sums from the reaction 
and movement time tests respectively.
For all movements the subject began in 
contact with switch pad one, and when the light 
stimulus flashed he moved to contact switch 
pad two. Reaction was recorded from the start 
of the light stimulus until the subject broke 
contact with switch pad one. Movement time 
was recorded from the time the subject broke 
contact with switch pad one until he made con­ 
tact with switch pad two.
For measurement of arm reaction and move­ 
ment time the subject sat on an 18 inch high 
bench with his abdomen 18 inches from a 28 
inch high table on which there was a switch 
pad in front of each of his shoulders. The 
right arm was timed moving from the left pad 
to the right pad. The left arm was timed 
moving from right to left.
Leg movement was timed in the erect posi­ 
tion. A switch pad was placed in front of 
each foot with the pads 18 inches apart. To 
test the right leg the subject balanced on his 
left foot and moved his right foot from the
left switch pad to the right switch pad. The 
position was reversed for the left leg.
Trunk and hip flexion movements were 
timed as the subjects flexed forward 18 inches 
from an erect sitting position. Trunk and hip 
extension movements were timed as the subject 
sat up 6 inches from a position with his chest 
on his thighs.
2. Subjects
Eighty-three male university students 
between the ages of 17 and 22 served as sub­ 
jects. The means and standard deviations for 
the subjects' age, weight and height were: 
age, 18.67 years, S.D. = 1.36; weight, 159.81 
pounds, S.D. = 23.73; height, 69.14 inches, 
S.D. = 2.76.
3. Data Analysis
The BMDx72 factor analysis program 
(March, 1966) of the Health Service Computing 
Facility of the University of California at 
Los Angeles was used for the computation. 
The correlation matrix was formed and the 
diagonal elements were left unaltered. A 
varimax rotation was performed to satisfy the 
criteria of simple structure under the con­ 
straint of orthogonality of rotated factors.
Results
Seventy-five per cent of the common 
variance was accounted for by the 10 factor 
solution. The rotated factors are shown in 
Table I.
The first six factors sre well defined 
and correspond to the factors discussed by 
Fleishraan^; these are identified in Table 2. 
The column labeled Factor Variance identifies 
the per cent of the total common variance 
accounted for by the rotated factor which is 
contributed by the primary variables. In a 
sense, it is a measure of the "pureness" of 
the factor. The column labeled Variable 
Variance identifies the per cent of the common 
variance of the primary variables which is 
accounted for by the factor. Thus, it is a 
measure of the degree to which the factor 
measures the overall common variance of the 
primary variables used to identify the factor.
The last four factors are not well de­ 
fined and, therefore, somewhat difficult to 
interpret. Factors 7, 8, and 9 can be tenta­ 
tively named on the basis of certain factor 
loadings; these are identified in Table 3. 
Factor 10 appears to be a residual factor with 
no apparent psychological or physiological 
meaning.
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TABLE 1
Rotated Factor Loadings*
Factors**
Variables
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
Age
Weight
Height
Multiplier
Pull -Up s
Push -Up s
Arm Strength
Leg Lift
Back Lift
Left Grip
Right Grip
Lung Capacity
Strength Index
Normal Strength Index
Physical Fitness Index
Illinois Agility Run
Dodging Run
Zig Zag Run
Right Boomerang Run
Thirty Foot Shuttle Run
Fifty Yard Dash
Squat Thrust (10 sec.)
Sidestep (10 sec.)
Flexibility Test
Cable Jump
Standing Broad Jump
Balance - Eyes open
Balance - Eyes closed
Reaction Time - left arm
Reaction Time - right arm
Reaction Time - left leg
Reaction Time - right leg
Reaction Time - trunk and hip flexion
Reaction Time - trunk and hip extension
Reaction Time - total of 29-34
Movement Time - left arm
Movement Time - right arm
Movement Time - left leg
Movement Time - right leg
Movement Time - trunk and hip flexion
Movement Time - trunk and hip extension
Movement Time - total of 36-41
BS
1
36
86
72
91
-20
-18
10
52
64
67
45
80
61
87
-18
01
-05
00
-13
-03
-02
-15
19
14
-16
11
-10
-03
-07
02
01
-04
-20
-13
-06
00
-14
-15
-13
-04
-13
-13
A
2
10
-04
-03
-04
-02
-24
-21
-27
-16
04
21
-18
-29
-01
-26
84
84
67
75
75
50
-11
-58
-13
-16
-59
-24
06
12
08
-09
00
02
24
06
20
19
07
00
-04
-17
06
MS
3
04
-10
-13
-14
-02
16
06
-15
-04
-06
00
-12
-08
-10
01
06
01
10
11
-03
-17
-31
-22
-21
-21
-11
-24
-04
09
23
06
-07
02
10
07
69
69
81
86
52
53
93
RT
4
22
-17
18
02
11
-21
-12
-10
-01
-17
02
05
-12
-15
-01
-02
-04
12
12
13
14
-06
02
01
09
11
-03
-20
73
80
80
80
34
55
95
19
12
00
06
03
10
09
DS
5
-17
26
11
20
-82
-77
-87
-18
-23
-37
-33
06
-58
25
-80
17
00
-11
15
29
35
07
-08
19
-11
-44
-06
24
04
00
01
11
02
-02
05
-09
01
03
-06
-08
02
05
B
6
-54
18
-08
06
-12
20
13
01
-20
-04
-11
-10
02
13
-09
09
11
33
-09
-09
09
-12
01
-38
-55
-21
-72
-67
01
-11
06
07
23
-05
04
07
09
05
-02
28
46
23
F
7
-03
-02
33
20
-09
08
11
-05
-29
-26
-51
-04
-07
-00
-03
11
01
03
-03
04
15
-76
13
-41
04
-02
-09
-18
24
-02
-09
-08
-02
19
03
23
16
01
05
-05
04
07
TEM
8
-09
-06
15
07
-04
-02
04
01
02
00
14
11
05
-07
08
-01
02
-07
13
04
-01
02
35
-12
09
25
16
-07
01
05
-15
07
-75
-11
-21
-19
-25
09
02
61
11
13
TFM
9
12
-15
11
-01
-01
00
-01
-05
21
00
-02
11
01
-15
10
-16
-15
24
08
-31
32
01
-06
18
34
-14
-03
-19
18
10
07
-19
-17
-53
09
16
00
08
09
-16
24
-02
10
-31
09
-14
-03
-07
-01
-06
61
22
13
06
-11
38
07
34
-14
-08
-19
04
-03
12
-06
-06
23
-05
-07
07
02
21
23
-28
-22
-01
-06
-07
-18
-36
12
10
07
-14
-08
h2
62
92
76
93
76
80
86
79
72
71
66
74
96
91
88
81
76
70
67
77
57
73
57
54
55
71
69
63
69
78
77
76
80
72
98
71
77
71
79
76
64
99
* Factor loadings have been rounded to two decimal places and decimal omitted.
** Factors are identified as follows: (1) Body Size; (2) Agility; (3) Movement Spee
d;
(4) Reaction Time; (5) Dynamic Strength; (6) Balance;
(7) Flexibility; (8) Trunk Extension Movement;
(9) Trunk Flexion Movement.
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TABLE 2 
Well Defined Factors
Factor
1. Body Size
2. Agility
3 . Movement Speed
4. Reaction Time
5. Dynamic Strength
6. Balance and Coordination
Primary Variables
Height
Weight
Multiplier
Leg Lift
Back Lift
Left Grip
Right Grip
Lung Capacity
Strength Index
Normal Strength Index
Illinois Agility Run
Dodging Run
Zig Zag Run
Right Boomerang
30 Foot Shuttle Run
50 Yard Dash
Side Step
Standing Broad Jump
MI Left Arm
MT Right Arm
MI Left Leg
MT Right Leg
MI Trunk Flexion
MI Trunk Extension
MI Sum
RT Left Arm
RT Right Arm
RT Left Leg
MI Right Leg
MT Trunk Flexion
MT Trunk Extension
MI Sum
Pull -Up s
Push-Ups
Arm Strength
Strength Index
Physical Fitness Index
50 Yard Dash
Standing Broad Jump
Cable Jump
Balance Eyes Open
Balance Eyes Closed
Age
Factor % Factor
Loading* Variance
86
72
91
52
64 90
67
45
80
61
87
84
84
67
75 84
75
50
58
59
69
69
81
86 87
52
53
93
73
80
80
80 87
33
55
95
82
77
87
58 80
80
44
44
55
72 73
67
54
% Variable
Variance
64
71
70
69
61
62
Decimal points have been omitted and minus signs are included only if variables truly load 
in opposite direction (i.e., not due to difference in direction of measurement).
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TABLE 3 
Tentative Factors
Factor
7. Flexibility
8. Trunk Flexion Movement
9. Trunk Extension Movement
Primary Variables
Squat thrust 
General Flexibility
RT Trunk Flexion 
MT Trunk Flexion
RT Trunk Extension 
MT Trunk Extension
Factor 70 Factor
Loading* Variance
11
-11
-11
% Variable
Variance
59
60
25
* Decimal points have been omitted and minus signs are included only if variables truly load 
in opposite direction (i.e., not due to difference in direction of measurement).
Discussion
The results demonstrate that factor 
analysis is useful in organizing measures on 
a wide variety of perceptual-motor tasks into 
a set of basic dimensions. There is some con­ 
troversy as to just what the identified dimen­ 
sions (factors) represent. Certain investi­ 
gators have referred to the factors as 
"abilities" (e.g., Fleishman ^» 5 > 6 ); others 
prefer to identify the factors as just differ­ 
ential components which are derived from 
analysis of the correlations among a particu­ 
lar set of variables. No clarification of the 
controversy will be attempted here. The im­ 
portant point for the present discussion is 
that the factor analytic solution accounted 
for a significant proportion (.75) of the com­ 
mon variance of the 42 variables in the study.
Since orthogonality of the rotated 
factors was a constraint imposed upon the 
factor analytic solution, the various factors 
are completely unrelated in accounting for 
portions of the common variance. Therefore, 
knowledge of how well a given person performs 
on a task which measures a given dimension 
(factor), i.e., has high factor loadings on a 
single factor, should provide no information 
on how well he will perform on tasks which 
measure other dimensions. Stated another way, 
the factor analytic solution indicates that it 
is not useful to think of complex physical 
performance as being mediated by a unitary 
dimension. In terras of what tasks a given 
person can perform well, it is better to talk 
about several physical performance dimensions
which may be differentially involved in a 
variety of tasks.
Perhaps an example of how the factor 
analytic data may be applied in a simulation 
research program is in order at this point. 
Suppose, for some unknown reason, that in­ 
formation concerning the influence of a par­ 
ticular environmental condition on performance 
of physical proficiency tasks is required. 
The results of the present study indicate 
that there are nine basic dimensions (or basic 
sets of tasks) that may be used to describe 
performance on the tasks included in the study. 
Simulation research on the environmental con­ 
dition in question could be simplified by 
selecting one or two tasks which are most 
diagnostic of each dimension. The factor 
analytic solution would also allow the in­ 
vestigator to choose tasks on the basis of 
task simplicity, measurement difficulty, and 
simulation feasibility. The selected tasks 
could then be performed in the simulated en­ 
vironment and the effects on performance 
could be generalized to other tasks which 
measure the same dimension. In other words, 
the results of a factor analytic study of 
selected tasks performed in the 1 g environ­ 
ment could be used both in planning and inter­ 
pretation of the subsequent simulation re­ 
search. Factor analytic data would also 
assist in comparing the results of entirely 
different simulation programs and in general­ 
izing from system to system.
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A review of the literature on performance 
assessment revealed that the results of the 
present investigation are in close agreement 
with other factor analytic investigations of 
physical performance. The six factors identi­ 
fied in Table 2 correspond to the factors that 
have been previously identified by Fleish- 
man^» 5 > 6 . The factors listed in Table 2 are 
identified as follows:
1. Body size. Previous investigators have 
identified this factor as static strength. In 
the present study, the factor appears to be one 
of body size with static strength measures 
loading on the factor because of their high 
relationship to body size. Fleishman defines 
the ability of static strength as "the maxi­ 
mum force which a subject can exert, for a 
brief period, when the force is exerted con­ 
tinuously up to its maximum. In contrast to 
other strength factors, this is the force 
which can be exerted against external objects 
(e.g., lifting heavy weights, pulling against 
a dynamometer), rather than in supporting or 
propelling the body's own weight."^ In the 
Fleishman study^, the two anthropometric 
measures of height and weight did load .42 and 
.70 respectively on the factor of static 
strength. In the present investigation, there 
were additional measures, both pure and com­ 
bined, which all loaded higher on the first 
factor than did any of the static strength 
variables. The variables which could be con­ 
sidered reflective of body size, and their 
factor loadings, were height, .86; weight, .72; 
multiplier, .91; lung capacity, .80; and nor­ 
mal strength index, .87. It should be noted 
that these variables all load higher than the 
variables which purportedly measure static 
strength, i.e., leg lift, .52; back lift, .64; 
left grip, .67; right grip, .45; and strength 
index, .61.
2. Agility. This factor corresponds to 
Fleishraan's factor of "Explosive Strength". 
Fleishman identifies explosive strength as 
"the ability to expend a maximum of energy in 
one or a series of explosive acts. This 
factor is distinguished from other strength 
factors in requiring mobilization of energy 
for a burst of effort, rather than a continu­ 
ous strain, stress, or repeated exertion of 
muscle." The present study includes more of 
the items which have been previously purported 
to measure agility. While standing broad jump, 
an item usually identified with explosive 
strength or power, does load .59 on this fac­ 
tor, there are five items which are purported 
to measure agility which load more heavily 
than standing broad jump. Additionally, other 
items of the type associated with dynamic or 
isotonic strength do not load on this factor.
3. Movement Speed. Fleishman identifies 
this factor as "Speed of Arm Movement". This 
ability represents the speed with which an 
individual can make gross discreet limb or 
trunk movements where accuracy is not a re­ 
quirement.
4. Reaction Time. This factor represents 
simply the speed with which a person can re­ 
spond to a stimulus when it appears.
5. Dynamic Strength. This factor repre­ 
sents "the ability to exert muscular force re­ 
peatedly or continuously overtime. It repre­ 
sents muscular endurance and emphasizes the 
resistance of muscles to fatigue. The common 
emphasis of tests measuring this factor is on 
the power of the muscles to propel, support, 
or move the body repeatedly or to support it 
for prolonged periods."3
6. Balance and Coordination. This fac­ 
tor indicates that there may be a single di­ 
mension of balance and coordination. Fleish­ 
man found that balance tasks loaded on the 
factor of "Gross Body Equilibrium" and that 
cable jump measured a separate factor of 
"Gross Body Coordination". In the present 
study, both the balance tasks and the cable 
jump task measured the same factor. This fac­ 
tor appears to measure the ability of a per­ 
son to maintain his balance while making gross 
body movements.
The original hypothesis of the investi­ 
gators was not substantiated, i.e., that the 
variance in performance measures on complex 
physical tasks could be accounted for by 
measurements on simple perceptual-motor tests. 
The complex physical proficiency tasks which 
emphasized speed and agility measured the 
factor of agility and none had any appreci­ 
able loadings on the basic perceptual-motor 
speed dimensions, RT and MT. However, two 
tasks which primarily measured the agility 
dimension did have secondary loadings on 
other dimensions. The Zig Zag Run task 
loaded .67 on agility and ,33 on the balance 
factor. Therefore, about 1070 of the common 
variance of this task was accounted for by 
balance and coordination. The Fifty Yard 
Dash task loaded .50 on agility and .35 on 
dynamic strength; however, the communality 
(h2 ) for this task was quite low (.57). It 
appears that the 50 Yard Dash is not a good 
measure of either agility or dynamic strength 
since the factor loadings were small and since 
only 577o of the overall variance was included 
in the common variance of the entire set of 
variables.
Within the factors identified in this 
study, the Rogers' Physical Fitness Index 
appears as a measure of dynamic strength. It 
loaded .80 on the dynamic strength factor and 
its next highest loading on any factor was a 
negligible .26. It would be expected that a 
general measure of physical fitness would 
appear in more of the identified factors. 
However, to thoroughly investigate physical 
fitness would require the inclusion of a group 
of tests for circulorespiratory endurance, 
something which was not included in the present 
investigation. It would be interesting to note 
how the Physical Fitness Index would load in a 
factor analysis study including tests for all
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of the items commonly identified as a part of 
physical fitness.
The three factors that are not well de­ 
fined appear to be specific to the tasks used 
in the present study. The factor of Flexi­ 
bility is interesting; however, more data must 
be gathered before statements are advanced 
about its nature and generality. Squat thrust 
has its primary loading on the flexibility 
factor; this is a major departure from previous 
results. For example, Fleishman^ found that 
squat thrust primarily measures dynamic 
strength. In the present study, squat thrust 
and general flexibility appear to measure the 
same factor, one that is distinct from and 
independent of dynamic strength. The factors 
Trunk Flexion Movement and Trunk Extension 
Movement may correspond to what others have 
called Trunk Strength; it appears that there 
is something specific about basic trunk move­ 
ments. It is of interest to note that the RT 
and MT measures load in opposite directions 
in each of these factors.
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